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Photo No. 1 - Aerial view of Fort Randall Dam. June, 1974.
Photo No. 2 -~ Scarifying surface prior to placement of fill.
Earthwork Stage II. 20 May 49.

Photo No. 3 - Blading operatlon in embankment construction.
Initial earthwork.

Photo No. 4 - Watering operation in embankment coastruction.
Earthwork Stage II. 20 May 49,

Photo No. 5 - Excavation of right bank cutoff trench, upstream
end, looking towards river. 6 Nov 50.

Photo No. 6 - Sheepsfoot tamping roller compacting impervious
fil1l. ©Earthwork Stage III. 10 Oct 50.

Photo No. 7 - Construction of intake structure and embankment

in foreground and excavation for spillway welr in background,
looking toward the left abutment. 11 May 51.

Photo No. 8 - Dredging 1in chalk spoil area downstream of
embankment for hydraulic filling to effect river closure.
Earthwork Stage III. 17 Jul 52.

Photo No. 9 - Final stage of river closure with dredged chalk
fill. Water level at about El. 1,242. 20 Jul 52.

Photo No. 10 - Dumped chalk fill over the dredged chalk weir
crest. Earthwork Stage III. 23 Jul 52.

Photo No. 11 - Placement of pervious dike at location of
upstream toe of 1wmpervious blanket. Earthwork Stage 1III.
1 Aug 52.

Photo No. 12 - Embankment material being placed on top of
dredged hydraulic fill at 1location of wupstream embankment
toe. Earthwork Stage ITII. 1 Aug 52.

Photo No. 13 - Same area as shown in photo No. 12. Pictured
are double cat-dozer and towed double drum sheepsfoot roller.
1 Aug 52.

Photo No. 14 - Hydraulic filling of embankment foundation in
closure section. Earthwork Stage III. 15 Sep 52.

Photo No. 15 - Aerial view of project 1looking downstream.
15 Sep 52.

Photo No. 16 - Embankment construction in closure area, looking
towards the left abutment. Fill at approximately El. 1,246.
Earthwork Stage III. 14 Aug 52.

Photo No. 17 - Upstream portion of embankment, looking towards
the right abutment. Fill 1is at approximately E1l. 1,288.
Earthwork Stage III. 29 Sep 52.

Photo No. 18 - Embankment construction in closure area to
approximately El1. 1,325. Embankment in foreground {s at
crest level. E1l. 1,395. Earthwork Stage III. 17 Oct 52.

Photo No. 19 - View of embankment construction looking towards
right abutment, showing placement of upstream chalk bern.
Earthwork Stage IV. 4 Aug 53.
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Photo No. 20 - Coastruction of upstrcam chalk berm, looking
S.W. towards right abutment. 4 Aug 53.

Photo No. 21 - Aerial view of construction during Farthwork
Stage V. 16 Nov 53.

Photo No. 22 ~ View of embankment construction looking along
dam axis towards the right abutment. Earthworkx Stauce V.
25 May 54.

Photo No. 23 - Fill placement between west spillway abutwent

and previously completed embankment. Top of fill is approxi-
mately E1. 1,360. 25 Jun 54.

Photo No. 24 - Aerial veiw of completed embankment, looking
from right abutment. 30 Jun 55.

Photo No. 25 - Aerial view of project, looking S.W. 29 Mar 55.
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MISSOURI RIVER
FORT RANDALL DAM - LAKR FRANCIS CASE
SOUTH DAKOTA

EMBANKMENT CRITERIA AND PERFORMANCE REPORT

PERTINENT DATA

EMBANKMENT

Type

Height Above Stream Bed
Heipht Above Flood Plain
Lenpth

Crest Tlevation

Crest Width

Volume

Closure Date

SPILLWAY

Ty pu

Width

Weir Crest Elevation
Gates, Type

Gates, Number and Size

Elevation, Top of Gates
Design Discharge Capacity
at Elevation 1379.2

QUTLET WORKS
Type

Number, Diameter, and Length
of Flood Control Tunnels
Number, Diameter, and Length
of Power Tunnels

Type, Number, and Size of
Intake Gates

Invert Elevation of Intake

Discharge Capaclity of Flood
Control Tunnels

POWERHOUSE
Length

width
Number of Generating Units

Rolled Earth and Chalk Fill
165 Feet

140 Feet

10,700 Feet

1,395 ¥Feet, m.s.1l.

60 Feet

50,000,000 Cubic Yards

20 July 1952

Concrete~lined Chute w/Gated Weir
1,000 Feet

1,346 Feet, m.s.l.

Radial Tainter

21~-40 Feet by 29 Feet

1,375 Feet, m.s.1l.

629,000 c.f.s.

12 Concrete-lined Tunnels With
Control In Intake Structure

Four, 22-Foot Diameter, 873 Feet Long

Eight, 22-Foot Diameter, 873 Feet Long

Bulkhead, 24 - 11 Feet by 23 Feet
1,229 Feet, m.s.l.

128,000 c.f.s8.

561 Feet
78 Feet
8
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Generating Capacity, Each Unit
Total Installed Capacity
Povwer on Line

RESERVOIR

Drainage Area Above Dam

Drainage Area, Fort Randall
Dam to Big Bend Dam

Storage Capacity at Maximum
Pool (Elev. 1375)

Storage Capacity at Maximum
Normal Operating Pool
(Elev. 1365)

Flood Control Reserve
(Elev. 1365 to Elev. 1375)

Annual Flood Control and
Multiple-Purpose (Elev. 1350
to Elev. 1365)

Carry-0Over Multiple-Purpose
(Elev. 1320 to Elev. 1350)

Dead Storage, Elev. 1320

Length of Pool at Elev. 1365

Maximum Normal Operating Pool
Elevation

Base, Seasonal Flood Control
Pool

42,105 kva
320,000 Kilowatts
March, 1954

263,480 Square Miles
14,150 Square Miles

5,600,000 Acre-Feet

4,620,000 Acre-Feet

980,000 Acre-Feet

1,300,000 Acre-Feet
1,730,000 Acre-Feet
1,600,000 Acre-Feet
107 Miles

1,365 Feet, m.s.l.

1,350 Feet, m.s.l.
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MISSOURI RIVER
FORT RANDALL DAM - LAKE FRANCIS CASE
SOUTH DAKOTA
EMBANKMENT CRITERIA AND PERFORMANCE REPORT

1. INTRODUCTION.

1.1 Purpose and Scope of Report. This report provides a summary

record of significant design, construction, and operational data on the Fort
Randall Dam embankment. It was prepared in accordance with ER 1110-2-19901,
"Embankment Criteria and Performance Report,” dated 31 December 1981 and {is
for use by englaeers to familiarize themselves with the project, reevaluate

the embankment when needed, and for guidance in designing comparable future

projects.

The report presents a general description of the foundation conditious,
the type of material and placement methods of the various sections of the
embankment, the design considerations on stability and seepage control,
instrumentation, significant operational events, and an evaluation of the
condition of the embankment. Pertinent drawings, design and construction
data, and photos are included. A more detailed description of the foundation
conditions is contained in the Construction Foundation Report prepared in
1980.

1.2 Brief Description and Purpose of Project. The Fort Randall Dan-

Lake Francis Case Project 1is one of six multipurpose dam projects on the
Missouri River for flood control, irrigationm, navigation, power, and recrea-
tional purposes. The project is operated and maintained by the U.S. Army
Corps of Engineers, Omaha District. The dam is located about 105 river miles
downstream of Big Bend Dam and about 70 river miles upstream of Gavins Point
Dam. As shown on the location map on Plate A-1, it is approximately 6 miles
south of Lake Andes, South Dakota, and is 880 river miles (1960 adjustment)

above the mouth of the Missouri River.

The project consists of an earth embankment, a multigated concrete
spillway, an intake structure, multitunneled outlet works, and a hydro-

electric power generating plant. The embankment is about 165 feet high above



the streambed and extends about 10,700 feet from the right abutment to the
spiliway structure located in the left abutment. A plan and typlcal sections
of the project structures are shown on Plate A-2. Photo No. 1 shows an

aerial view of the project.

1.3 Authorization of Dam Project. The Fort Randall Dam and Reservoir

project was authorized by the Flood Control Act, approved 22 December 1944

(Public Law 534, 78th Congress, 2ud Session).

1.4 Design and Construction of Project. The project was designed by

the U.S. Army Corps of Engineers, Omaha District. Members of the Board of
Consultants were Dr. Arthur Casagrande, Mr. L. F. Harza, Dr. L. C. Glenn,

Mr. J. D. Justin, Mr. S. 0. Harper, and Mr. W. H. McAlpine.

The embankment was constructed im six earthwork contract stages as

listed below.

Embankment

Construction Contract Date

Stage No. Contractor Started

Foundation Preparation W—-25-066- Peter Kiewit Sep 47

Left Bank Chute ENG-1350 Sons Co.

Initial Earthwork W-25-066- Western Feb 48
ENG-1434 Contracting Corp.

Earthwork Stage II ' W-25-066- Western Feb 49
ENG-1837 Contracting Corp.

Earthwork Stage III DA-25-066- Western Jun 50
ENG~363 Contracting Corp.

Earthwork Stage IV DA-25-066— Western Nov 52
ENG-2139 Contracting Corp.

Earthwork Stage V DA-25-066- List and Clark Jul 53
ENG-2531 Construction Co.

2
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Work on the outlet works tunnel started in December 1948 and on the
spillway, in April 1951. The river closure and diversion was made on 2U July
1952 during earthwork Stage 111 and the ecmbankment was essentially coapleted
by June 1955. The embankment pressure relief well system was installed by
Bassett Drilling Company during 1953 and 1954 under Contract No. DA-25~006-
ENG-2571. Some of the wells were extended by the Stage V earthwork
contractor. All of the contracts were administered by the Corps of
Enginecers, Omaha District. Field supervision was by personnel of the Fort
Randall area office which was located 1in Pickstown, a town constructed to
accommodate the large number of people who were involved in the construction

of the dam project.

1.5 Significant Operational Events. The reservoir was Initially
raised to Elev. 1,340 in 1954 and to Elev. 1,350 in 1957. Since 1971, it has

fluctuated anmually from a low of about Elev. 1,340 in the winter to about
Elev. 1,355 to Elev. 1,360 in the summer. It attained its highest level of
Elev. 1,366.5 on 23 June 1967.

Erosion of the upstream chalk berm by wave action since 1957 required
the placement of riprap protection in 198" along the erosion scarp which

extended over the full length of the berm.

1.6 Reference Project Publications. Detailed information on the

constructed dam foundation, evaluation of relief wells, project maintenance,
and periodic inspections are included in the following Omaha district manual

and reports:

a. Construction Foundation Report (September 1980).

b. Embankment Relief Well Study (August 1982).

¢c. Operation and Maintenance Manual (1982).

d. Periodic Inspection Reports Nos. 1, 2, 3, and 4, the latest
of which is dated June 1981.




2.  GEOLOGY.

2.1 General. Fort Randall Dam is located 1in the eastward sloping
Missouri Plateau Section of the Great Plains physiographic province. The dam
lies across an entrenched glaclial wmelt-water channel at the southwestern
margin of glaciated eastern South Dakota. During the mid-Pleistocene Period
melt water ran along the front of the Illinoian Glacier which had advanced
into South Dakota. When the glacler retreated the melt-water channel had
entrenched enough to remain as the infant Missouri River. The river trench
was partly filled during the later Wisconsin glaciation, but it retrenched
its valley in the Recent Period.

The dam is located oan generally flat lying, well compacted, sedimentary
formations deposited by continental seas during the Cretaceous Period.
Although the formations may be locally considered horizontal, they display an
undulating trend on a larger scale. This 1s due to minor folding or
differential compaction over the underlying Precambrian basement structure.
The Precambrian basement consists predominantly of a NW-SE trending quartzite
ridge In eastern South Dakota giving way in east-central South Dakota to a

broad, flat structural platform which slopes gently westward.

The valley at the damsite is approximately 8,000 feet wide with a low
flood plain elevation of about 1,250. The left abutment is formed by a
promontory which rises between two deep tributary ravines to 160 feet above
the flood plain; the ground then rises gently for a distance of about 3,000
feet to an elevation of 1,440. The left flood plain is 250 feet wide at the
dam axis and increases in width upstream to about 2,000 feet at the head of
the spillway approach channel. The right flood plain was just a few feet
wide on the dam axis, but increased rapidly in width downstream. The right
abutment 1is on a 60-foot high promontory formed by an eroded river terrace.
The terrace rises to the west with a 1V on 40H slope for a distance of about
2,600 feet; it then rises on a 1V on 20H slope for about 1,400 more feet.

Prior to construction of the dam, the river at the site was divided by an
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alluvial island {nto a left 1,100-foot-wide channel and a right 1,500-foot-
wide chaannel. The island was about 1-1/4 mile long, 1,400 feet wide, and had

a surface elevation of about 1,245 feet.

2.2 Subsurface Explorations. After the present damsite was selected,

11 rotary and churn drill holes were made in 1941. An additional 51 borings
and three test pits were made in 1942. From 1946 and throughout the design
and construction period, over 450 additional borings and 28 test pits were
made to determine the foundation conditions. The borings included 3-inch
core borings, 6-inch core borings, 12-inch auger holes, and three 36-inch
diameter calyx holes. Boring locations are shown on Plate A-8. The drilling
program and other foundatfon investigations such as bedrock contouring,
pumping tests to determine the permeability of the valley sands, and geologic
mapping of excavations during construction are described in the referenced

Construction Foundation Report.

2.3 Ground Water. Ground water 1levels were recorded in numerous
exploratory drill holes prior to construction. The water table in the river
valley ‘and was as much as 12.0 feet below ground surface, but it only varied
in elevation from about 1,237 to 1,240, the river surface elevation. 1In the
left abutment, the water table ranged in depth from about 73 to 142 feet at
elevations between 1,304 to 1,360 with an average of about 1,318. The water
table was found in both overburden and bedrock, but for the most part, it was
in or near the overburden-bedrock contact. In the right abutment, the water
table generally occurred in overburden between 15 to 75 feet below the ground
surface, and the elevations varied from 1,237 to 1,288 with an average of
about 1,240.

A number of artesian springs and wells were found in the Missouri River
Valley upstream and downstream from the Fort Randall damsite. One of these
springs was located at about Sta. 80+00 near the axis of the embankment. The
spring water was tested and found to originate from the Dakota sandstone at
about Elev. 750. Apparently, the river had eroded enough of the overlying

sediments to allow the artesian pressured Dakota water to force its way to




the surface through fracture zones. The presence of this and similar springs

in the reservoir was not considered a critical problem.

2.4 Overburden. The coverburden at the damsite consists predowinantly
of fluvial sands in the river valley, clays and silts in the river terrace of
the right abutment, loess overlying the river terrace, and glacial till in
the upper left abutment. A geologic profile along the axis of the embankment

is shown on Plate A-6.

2.4.1 Fluvial Valley Sands. The upper portion of the valley

fill consists of alluvial sand which ranges from fine to medium in grain
size. The fine-to-medium sizes predominate throughout this fill, but with
increasing depth the sand becomes more coarse and in part, gravelly. The
thickness of the alluvium varied across the river valley from a relatively
shallow depth adjacent to the abutments to a maximum thickness of 175 feet in
the vicinity of the midstream island. Some thin layers of gravel occurred in

this material, but they appeared to be restricted lenses with no great
lateral extent. There were also occasional small seams of clay, silty sand,

lime, and lignite float. The lower deposits are probably of glacial origin.

Gradation curves for the sand are shown on Plate A-24. Well
pumping tests indicated a permeability from 0.001 to 0.004 ft/sec in the
upper medium-grained sands; however, the permeability for the deep sands
containing more gravel was found to be about 0.001 ft/sec (86.4 ft./day).
This suggested that the pgravelly sand contained fines which reduced its
permeability. The coefficient of permeability for remolded samples of the
sand ranged between 3 and 10 feet per day. The coefficients of internal

friction for remolded samples of the sand varied between 0.6 and 0.7.

2.4.2 River Terrace Clays. An extensive river terrace formed

the right abutment of the dam. It consisted of poorly compacted alluvial
clays and silts more than 100 feet in thickness. The material was classified
as a lean to fat clay with approximately 77 to 98 percent finer than the No.

200 sieve size as shown by the gradation curves on Plate A-26. The in-place




dry density of the clay averaged about 90 pounds per cubic foot (pcf) and the
moisture conteat varied between 20 and 35 percent. The consistency of the
materfal ranged €rom friable to stiff above the ground water table, but
varied from stiff to soft at greater depths. The Atterberg Limits for the
material varied widely, with liquid limits varying from 32 to 90 percent and
plasticity indexes ranging from 10 to 58 percent. Direct shear and triaxial
compression test results indicated a design shear strength of tan @ = 0.22
and cohesion = 0.4 tons per square foot. Sample data sheets and summaries of

the shear tests are presented on Plates A-28 through A-32.

2.4.3 Loess. A blanket of 1loess covered the right abutment
terrace clay deposit. It varied in thickness from about 50 feet at the river
bluff to just a few feet in the upper gently sloplng terrace area. The upper
several feet of weathered zone did not have the low moisture content which is
normally characteristic of 1loess, and it was somewhat denser than the
unweathered material. In 1its natural state the loess has low density,
ranging between 75 and 85 pounds per cubic foot, with up to 50 percent voids.
It has a liquid limit of about 33 percent and a plasticity index of about 10.
Its natural moisture content 1is about 10 to 15 percent. A shear strength of
tan ¢ = 0.65 and cohesion = 0 was determined by direct shear tests and was
selected for design. The material has a uniform grain size which is
restricted almost entirely to silt and fine sand sizes as shown in the grada-
tion curves on Plate A-25. The silt and sand grains are characteristically
bonded by interstitial clay particles which give dry loess the strength to
stand in vertical bluffs.

2.4.4 Glacial Till. Glacfal till formed the overburden fin the
left abutment with a maximum thickness of 90 feet in the embankment founda-
tion area. It consisted of a heterogeneous mixture of clay, silt, sand,
gravel, and boulders with some fragmented shale and chalk. The range in
gradation is shown on Plate A-27. The material is predominately a sandy
clay, with an average liquid limit of about 40 to 45 and average plasticity
index of about 20 to 25. Tests on 18 undisturbed samples indicated that the
in-place dry density ranged from about 90 to 114 pounds per cubic foot (pcf)




and averaged about 99 pcf. Tests on a few of the larger samples, however,
showed an average density of about 102 pcf. Moisture content averaged about
20 percent. Consolidation tests on the undisturbed glacial drift material,
in which the specimen was loaded to 1its natural overburden 1load and then
immersed, did not show any tendency of the material to slump or rapidly

consolidate.

2.5 Bedrock. The rock formations at Fort Randall Dam are well
indurated, compact sedimentary marine deposits of the upper Cretaceous
Period. The stratigraphic sequence in ascending order is Greenhorn lime-
stone, Carlile shale, Niobrara chalk, and Plerre shale. Plate A-6 shows a
geologic column and geologic profile along the dam axis. Carlile shale and
the Niobrara Formation constitute most of the bedrock foundation at the dam
site. Formations at the dam site are flat-lying with a gentle dip of a few
feet per mile to the northwest. A bedrock contour map is presented on Plate
A-7. Bedding planes vary from being inches apart to as much as 5 feet apart
in some portions of the Niobrara Formation. They often contain thin layers
of gypsum, calcite, or clay. Nearly vertical, randomly oriented joints are
common in rock exposures, but less common at depth. There 1is occasional
faulting throughout the area, but usually with no more than a few feet of
displacement and relatively short lateral extent. The faulting at the
damsite was comparatively minor, but not uncomplicated. Both jointing and
faulting in the chalky Niobrara Formation were relatively tight and prohibi-
tive to solution; no caves, caverns, or solution channels were found in the

area.

2.5.1 Greenhorn Limestone. This formation {s generally

recognized as a hard fossiliferous limestone. The predominant constituent is
crystalline calcium carbonate, but it also has a considerable amount of clay
and fine sand. Drill holes in the right abutment penetrated about 45 feet of

Greenhorn limestone below Elev. 910.

2.5.2 Carlile Shale. The Carlile shale 1is mostly sandy to
clayey shale with some {nterbedded sandstone. It is about 265 feet thick,




but the upper 100+ feet beneath the valley had eroded and filled with
alluvium. It is in the river valley that the Carlile shale forms the
flooring bedrock and creates the most concern as a foundatfion material.
There is a relatively weak contact plane between the eroded Carlile shale and
the overlying valley sands. Consolidated direct shear tests on samples of
the shale indicated a design shear strength of tan # = 0.3 and cohesion = 0.1
ton per square foot. The top of the formation under the left abutment and
the right terrace is at about Elev. 1,175, approximately 65 feet below the

river level.

2.5.3 Niobrara Formation. The Niobrara Formation is the upper-

most formation of the Colorado Group, and is the oldest exposed bedrock in
the area. It is a dark gray, argillaceous, soft but firm chalk and chalky
shale which contains many microscopic shells of Foraminifera and Ostracoda.
The color changes to a buff or light gray when the formation is weathered.
The chalk is a porous rock, but the voids are so poorly interconnected that
the rock 1is relatively impervious. It is a massive, coherent rock, and
although it 1is soft enough to be scratched with a fingernail, it 1is also
tough and resilient enough to resist fracturing. Fresh exposures of the
chalk withstand repeated cycles of wetting and drying without appreciable
deterioration. Thin layers of bentonitic clay with thicknesses up to 2
inches occur throughout the formation, but they are more concentrated in the
upper 20 feet. Tests have revealed that after being thoroughly dried these

clays, unlike pure bentonite, will not swell greatly when saturated.

The Niobrara Formation is the predominant sedimentary material at
the damsite. It extends for about 145 feet in thickness from Elev. 1,175 to
Elev. 1,320; this is about 65 feet below the river level to an average height
of 80 feet above the river level. It is the most stable bedrock in the Fort
Randall area and is the foundation for the outlet works, the spillway, and
the powerplant. It was also the major rock encountered 1in coastruction
excavations. Dry unit weight of the chalk varied from 85 to 114 pcf, and

moisture content ranged from 20 to 30 percent.




2.5.4 Pierre Shale. The Plerre shale is the uppermost forwation
at the damsfte, and {ts contact with the underlying Niobrara Formation occurs
sharply at about Elev. 1,320. The formation is susceptible to landsliding,
and 1t may be generally described as a noncalcareous to highly calcareous,
gray, green, brown, or black, tough, gumny, wmarine shale with =zones of
bentonfte seams and iron-manganese concretions. It 1s commonly divided 1iato
eight members; however, erosion has removed all but the lower member and
therefore, the shale had only a mlnor influence on the dam construction.
Excavation for the splillway encountered about 30 feet of Pierre shale, but no
part of the structure was founded on the formation. A thin remnant of the

shale, however, formed the bedrock beneath a swmall portion of the dam where

the embankment is relatively low.

3. EMBANEMENT SECTION. A typlcal section of the embankment is shown on

Plate A~2 and sections at various locations along the embankment are shown on

Plates A-4 and A-5. The embankment has a maximum height of about 165 feet

above the river bed and has an average height of about 140 feet over the
flood plain. The crest of the embankment is 60 feet wide and is at Elev.

1,395 feet, mean sea level. The embankment section consists mainly of a
central wide-based compacted impervious earth fill section and dumped chalk
fill outer berm sections. An upstream impervious fill blanket adjaceat to
the central impervious section reduces uplift pressures beneath the
embankment by lengthening the seepage path. In addition to the stability
provided by the downstream chalk berm, the relief wells along the toe of the
central impervious section provide assurance against the development of
excessive underseepage pressures. The flat 1V on 15H surface of the upstream
chalk berm was considered an acceptable alternative to the more expensive
conventional riprap protection. Except for the areas inundated by the
reservoir and the riprapped slope in the vicinity of the outlet works intake
structure, the entire embankment is grassed for protection against surface

erosion.

4. CONSTRUCTION STAGES. The embankment was constructed 1in six earthwork

stages under separate contracts. The river was diverted through the power
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and  outlet works structures and tunnels during Earthwork Stage III.
Diversion of the river, therefore, controlled the extent and sequence of
construction for the various earthwork stages. Work covered under each stage

is summarized below.

4.1 Foundastion Preparation - Left Bank Chute. (September, 1947 -

January, 1948). This preparatory work was required to provide a dry founda-

tion for the embankment from the left bank of the river to the toe of the
left abutment. It was completed during the fall and early winter months in
preparation for the initial embankmeat earthwork stage that was scheduled to
start the following spring. Approximately 390,000 cubic yards of compacted
fill up to a maximum thickness of about 10 feet, to about Elev. 1,252 were

placed under this contract.

4.2 Initial Earthwork (February 1948 - December 1948). Work under

this stage included partial embankment construction from the river to the
left abutment. It also included excavation in the upstream and downstream
portal areas of the power and outlet works tunnels and partial excavation in
the spillway approach channel. Two test embankments, one of shale and the
other of excavated chalk wmaterial, were constructed during this phase and are
discussed in subparagraph 6.5, Chalk Berm Fill. Approximately 6,725,000
cubic yards of compacted earth fill were placed to elevations varying from
Elev. 1,271.5 over the left bank to Elev. 1,365 over the left abutment. The
fi1ll material was predominately glacial drift overburden excavated from the
outlet works and spillway areas. Approximately 4,510,000 cubic yards of
chalk and shale were also excavated from these areas and were used primarily

in the construction of the upstream and downstream embankment chalk berms.

4.3 Earthwork Stage II (February 1949 - October 1949). Work under

this contract was entirely on the left side of the river and was essentially

a contimuation of the activities performed under the previous earthwork
contract. Approximately 4,380,000 cubic yards of compacted earthfill and
147,000 cubic yards of pervious channel fill were placed. The compacted
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embankment over the left bank varied up to Elev. 1,315 under this coustrac-
tion phase. Approximately 4,000,000 cubic yards of chalk and shale were
excavated {rom the outlet works and spillway areas and placed in the upstrean

and downstream embankment berms.

4.4 Earthwork Stage III (June 1950 - March 1953). Stage 11l work

included construction of the left bank embankment to 1ts full height, place-
ment of riprap on the upstream slope of the embiankment fn the vicinity of the
intake structure, construction of an upstream cutoff trench along the right
bank of the river, removal of right bank loess material beneath the eabank-
ment and backfilling with compacted {lapervious fill, diversion of the
Missouri River through the outlet works, construction of the embankment in
the closure section and over the right bank area to a maximum elevation of
1,325, and placement of the upstream impervious blanket 1in the closure sec-
tion and over the right bank area. In addition, the approach and discharge
channels of the outlet works were completed and a portion of the spillway

channel was excavated. The outlet works structures, 1including the tunnels,

intake structures, downstream outlet structure and powerhouse substructure
were under a separate contract and were sufficlently complete to allow diver-
sion of the river. Approximately 7,350,000 cubic yards of compacted fill,
2,060,000 cubic yards of hydraulic pervious fill in the closure foundation
area, and 194,000 cubic yards of hydraulic chalk fill 1in the diversion welr
structure were placed during this construction stage. In addition,
approximately 3,800,000 cubic yards of chalk and shale were excavated from
the outlet works and spillway areas and were placed in the upstream and
downstream chalk berms. Photos No. 5 through No. 18 were taken during
Earthwork Stage III.

4.5 Earthwork Stage IV (November 1952 - September 1953). The

compacted impervious and upstream chalk berm sections of the embankment were

placed to Elev. 1,355 in the right bank and closure areas under the Stage IV
construction. Also included was the 5-foot thick pervious drainage fill
blanket beneath the right bank downstream compacted section of the impervious
embankment.  Approximately 2,740,000 cubic yards of impervious f£1ll1 and
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220,000 cubic yards of pervious fill were placed {n the compacted earthfill
portions of the embankment. About 3,590,000 cubic yards of chalk and shale
were excavated from the spillway area and were placed mostly 1in the upstrean
chalk berm section of the embankment. Photos Nos. 19 and 20 were taken

during Earthwork Stage IV.

4.6 Earthwork Stage V (July 1953 - November 1955). Earthwork Stage V

was the final embankment construction stage. The embankment over the right
bank and closure section was raised to its design crest elevation of 1,395.
The left bank portion of the embankment had previously been constructed to
Elev. 1,395 under Earthwork Stage III1. The entire length of the embankment
crest was overbuilt to heights up to 3.5 feet, as indicated on Plate Al9, to
compensate for post construction settlement. The embankment at both
abutments of the spillway structure was constructed to the final crest
elevation of 1,395. The 1left and right bank embankment toe drains were
installed and 14 of the 36 previously installed relief wells were raised in
conjunction with raising of the chalk berm in the downstream closure area.
Excavation of the spillway discharge channel was also completed under this
earthwork contract. Approximately 4,330,000 cubic yards of impervious fill
and 27,000 cubic yards of pervious drain fil1ll were placed in the compacted
embankment. In addition, about 4,560,000 cubic yards of chalk and shale were
excavated from the spillway area and placed in the upstream and downstream
berms of the embankment. Photos No. 21 through No. 25 were taken during

Earthwork Stage V.

5. FOUNDATION PREPARATION. All areas upon which embankment material were

placed, plus at least a 10-~foot contiguous strip, were cleared of all brush,
trees, structures, trash, debris, and other unsuitable foundation material.
Roots larger than 1-1/2 inches in diameter were removed to a minimum depth of
3 feet below the ground surface. Thin surface layers containing sod, humus,
and other undesirable material were stripped and wasted. Prior to placement
of embankment, the foundation was loosened to a depth of 12 inches by
scarifying, plowing, or harrowing, cleared of loosened roots and debris, then

compacted as for impervious fill. Foundation areas and conditions requiring
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specific treatment, such as low left bank areas, left bank springs, right

bank loess deposit, and the river closure area are discussed below.

5.1 Left Bank Preparation. Low ponded areas on the left bank were

filled with pervious alluvial sands to assure a dry foundation for subsequent
embankment fill operations. Placement of the sand fill was done by end-
dumping and dozing the material in place, an operation that pushed water and
muck away from the foundation area. When internal drainage of the fill
material was impeded, the filling operation was tewmporarily stopped to allow

dissipation of the pore pressures.

During the initial earthwork stage, the natural spring near the center-
line of the dam about 400 feet from the left bank of the river was excavaled
of muck and provided with a drainage channel to the river. The spring area
was about 145 feet in diameter. The excavation extended 5 to 8 feet in depth
into sound foundation sand and was backfilled with rvelatively clean pervious

sand and gravel.

5.2 Removal of Right Bank Loess. The surface loess material was

removed from a major portion of the right bank embankment foundation. A
loess excavation plan and sections are shown on Plate A-20 and additional
profiles are on Plate A-21. The loess was removed to increase stability,
reduce settlement, and minimize possible cracking of the embankment from
uneven foundation settlement. The excavated material was then reused to fill
the excavation as compacted impervious fill. The entire right bank
excavation involved the removal of approximately 2,450,000 cubic yards of

predominantly loess material.

5.3 River Closure Area. Immediately after diversion of the river,

the embankment foundation within the river channel was prepared by filling
with pervious sand. Prior to placement of the material, all chalk that was
used for river bank protection within the embankment area was removed with a

iragline and later placed in the upstream chalk berm. The foundation for the
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upstream end of the impervious blanket was placed by hauling pervious
material which was stockpiled from materfal excavated from the outlet works
approach channel. The material was dozed into the river channel to at least
Elev. 1,242, above the water level. Photo No. 11 shows -placement of the
sand. The pervious foundation fill in the major portion of the channel,
between the upstream dumped pervious foundation and the downstream diversion
dike, was placed hydraulically by dredging sand from the downstream river
bed. This operation 1is pictured in Photo No. l4. Filling starced at the
usptream end and progressed downstream. The closure plan and sections are
shown on Plate A-23. Approximately 1,630,000 cubic yards of pervious

foundation material were placed in the river channel.

6. MATERIALS AND MATERIALS PLACEMENT. The embankment was constructed of

material obtained primarily from required excavations from the outlet works

and spillway areas. Construction operations were generally in two 10-hour
shifts. Impervious glacial till material and chalk were the predominant
types of material wused to construct the compacted embankment and beruws,
respectively. Pervious sand fill was used primarily as river chute fill and
as pervious drainage blanket beneath the downstream section of the embank-
ment. Data on field compaction tests and on embankment coanstruction were
obtained from construction reports that were prepared by the Area Engineer
and his staff during and immediately after construction of the various
earthwork stages. Information was also extracted from laboratory test
records on approximately 70 undisturbed box samples that were taken during
construction of the compacted {impervious embankment. Tests on the record
gsamples included classification, moisture contents, specific gravity, and
density. In addition, some of the samples were tested to determine shear
strength and consolidation characteristics. Properties and placement of the
embankment material are discussed below. Material types include pervious
river chute f1ll, rolled embankment fill, impervious blanket fill, pervious
drain f111, and chalk berm fill.
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6.1 Pervious River Chute Fill. River chute filling is described in

paragraph 5, Foundation Preparation. Material placed in the closure chute
consisted primarily of dredged pervious alluvial sand from the riverbed
located downstream of the embankment area. The hydraulically placed material
was assumed to be in a similar state of compaction as the existing natural
alluvial foundation. Photos No. 11 and No. 14 show placement of the river

chute fill.

6.2 Rolled Embankment Fill. The central wide-based main embankment

section was constructed of predominately impervious materfal and was desig-
nated as the "rolled embankment” section through Earthwork Stage III and is
shown as such on Plates A-2, A-4, and A-5. In Earthwork Stages IV and V,
this scction was designated as "impervious fill" section. The material
requirements for the section, however, were the same in all stages. Except
for a relatively small quantity of excavated and recompacted right abutment
terrace clay and loess, the rolled embankment section was coastructed primar-

ily of glacial till material excavated from the left abutment. Approximately
90 percent of the rolled embankment section was constructed of till material
which consisted predominately of impervious sandy clays. Small quantities of
relatively pervious material that were present in the excavated till were

placed in the downstream one third of the rolled embankment section.

Through Earthwork Stage III, the rolled embankment material was placed,
as specified, in 8-inch loose 1ifts and compacted by 6 passes of a sheepsfoot
tamping roller. Scarifying, blading, and watering operations are pictured in
Photos Nos. 2, 3, and 4 and compaction by sheepsfoot is shown by Photos
Nos. 6, 12, and 13. During Earthwork Stage III, the contractor was allowed
by contract modification to place the material in 12-inch lifts with compac-
tion provided by at least 3 passes of a 50-ton pneumatic roller. Both compac-
tion methods were allowed in Earthwork Stages IV and V. Except in very few
instances, adequate compaction was obtained by the specified minimum number
of compaction coverages. Both types of rollers resulted in comparable

densities; however, the pneumatic roller was generally preferred by the
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Contractor because of the lower unumber of required coverages. Moisture
content was maintained near optimum and was controlled by visual inspection
by experienced Corps of Engineers inspectors who had immediate access to the
results of nuserous ongoing fleld control tests, such as classification,
moisture content, compaction, and density. Moisture contents were not
specified in the earlier construction stages; however, in Earthwork Stages IV
and V, they were specified to be not less than 2 percent below optimum and
nol more than that required for proper excavating, hauling, placing, and

compacting without causing excessive deformation.

Numerous field tests were made during coanstruction of the rolled embank-—
ment. For example, during Earthwork Stage 11, an average of 20 field density
tests were made during each 10-hour shift. In addition, an average of one
sample was taken for each 12,000 cubic yards of compacted fill for deter-
mining classifications, moisture contents, densities, and air voids. Only a
partial record of field coantrol tests exists and, therefore, the total number

of field control tests conducted for the project is not known. Available
data on at least 1,100 tests made during Earthwork Stages III and V show tha’
the average dry density of the rolled embankment material was about i73'.3
pounds per cubic foot (pcf) and the average molsture content was about 18.F
percent. The material was predominantly sandy clay (CL) and compaction
averaged approximately 100 percent of maximum standard density. The tests
conducted durirg the initial Earthwork and Earthwork Stage II coastruction
showed an average dry density of 101.9 pcf and an average moisture content of

17.7 percent.

Fifty-seven undisturbed box samples were taken of the compacted fill
during the 1Initial, Stage II, and Stage III earthwork contracts. This
averaged about one sample for each 250,000 cubic yards of compacted fill.
For Stages IV and V, a total of 13 box samples were taken for an average of
approximately one sample for each 550,000 cubic yards of compacted fill. All
samples were shipped to the Missouri River Division Laboratory in Omaha,
Nebraska for testing. The test results for the 70 record box samples are

tabulated on Plate A-4l. For comparison with the results of the field
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control tests given above, the tests on the undisturbed samples revealed a
slightly lower average dry density of 99.5 pef and a slightly higher average
moisture content of 19.9 percent. Atterberg limits are plotted on Plate A-42
and moisture - density plots are shown on Plate A-43. The direct shear test
results, shown on Plate A-44, show that only one of the 44 test envelopes
fell entirely below the design strength envelope. Also, the tan @ values of
all the tests ranged from 0.36 to 0.73, all higher than the 0.35 design
value. These vresults 1{ndicate that the adopted design shear strength
parameters, tan ¢ = 0.35 and cohesion, C = 0.35 tons per square foot were

conservatively selected.

6.3 Impervious Blanket Fill. The impervious blanket adjoins the

upstream toe of the rolled embankment section. It consists of material
similar to that used in the rolled embankment section, except that pervious
material was not allowed. Impervious material that was unsuitable for the
rolled section, due to excessive wmoigture or presence of pieces of weathered
chalk, however, was allowed 1in the impervious blanket. The material was
placed in 12-inch thick layers and was compacted by 3 complete coverages of a
crawler type tractor weighing not less than 10 tons. Field cowmpaction test
records on this material are not available; however, the counstruction reports

indicated that the impervious blanket was well compacted.

6.4 Pervious Drain Fill. Pervious fill was used in the downstream

section of the embankment on both abutments.

6.4.1 Left Abutment. A 10-foot thick pervious filil blanket

drains a natural basal sand stratum which overlies a small portion of the
chalk bedrock in the left abutment. The pervious fill, consisting of pit-run
sand and gravel free from overburden soils was placed during the {initial
earthwork stage at the location shown on Plate A-15. The blanket 1lies
between Elev. 1,320 and Elev. 1,330 and extends from Sta. 105+90 to Sta.
107490. It outlets at the downstream toe of the embankment into a collector
drain which was installed under Earthwork Stage V. The material was placed
in 12-inch thick layers and compacted with a crawler-type tractor weighing at

least 10 tons.
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6.4.2 Right Abutment. A 5-foot thick pervious blanket was
constructed beneath the dowunstream embankment section. It was constructed
during Earthwork Stage IV and extends from Range 5,050 (50 feet downstrean of
the dam axis) to the downitream toe of the embankment and from Sta. 29+00 to
Sta. 57+15. The materlal consisted of clean, free-draining sand, and sand
and gravel containing not more than 10 percent of particles finer than a
standard No. 200 sileve. It was obtained from onsite stockpiled excavated
sand. The specifications required a 1lift thickness not exceeding 12 inches
for compaction by 6 passes of a tamping roller and not exceeding 18 inches
for compaction by 3 passes of a rubber-tired roller. If adequate compaction
was not obtained by these methods, the contractor was required to make 3
complete coverages with a 10-ton crawler type tractor. Daily summary records
of field compaction tests indicated that final compaction was made with a
crawler tractor. The dry density of the surface layer averaged about 109.5
pcf and that of the underlying layer, at least a foot below the surface,
averaged about 112.5 pcf. This reflects the additional compaction received
by the underlying layer through surface rolling. Moisture contents generally
were between 6 and 10 percent. A toe drain collector pipe was later
installed along the downstream end of the pervious blanket during earthwork

Stage V.

6.5 Chalk Berm Fill. Chalk and shale excavated frouw the outlet works

and spillway were used to form the massive upstream and dowastream chalk
berms. Berm construction continued through all of the earthwork construction
stages. The excavated chalk was generally blocky and varied in size fronm
about 5 feet to a fine granular particle. The total chalk-shale excavation
included relatively small quantities of shale. This was due to shale being
encountered immediately below the overburden in the upper 1left abutment,
mostly upstream of the spillway and in the approach channel. Most of the
shale that was excavated in the initial earthwork stages was placed in the
downstream chalk spoill area that formed part of the right bank area of the
sutlet works discharge channel. 1In later earthwork stages, the shale was

placed primarily in the upstream chalk berm. The chalk berms, therefore,
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were counstructed predominately of chalk material, which {s more resistant to
weathering than shale. The berms were constructed generally {n lifts not
exceeding 10 foot in thickness, with no molsture control, and compaction only
by the hauling and grading equipment. Later exposure of the upper 10 foot of
the upstream chalk berm by wave erosion revealed that the material was
moderately compact with no visible voids. The upstream chalk berm, with an
outer slope of 1V on 15H, was considered during project design to be an
adequate wave protection alternative to the more expensive conventional
riprap protection. Wave erosion scarps, however, developed and required

stone protection, as described in paragraph 7, Wave Protection.

Two test embankments, one of shale and the other of chalk, were
constructed under Modification No. 4 of the initial earthwork contract. The
shale test embankment was constructed in the upstream blanket area between
Sta. 86+25 and Sta. 90+25 and Range 3,925 and Range 4,175. The chalk test
embankment was made in the chalk spoll area on the right bank of the outlet
works discharge channel. The test embankments were constructed to determine
the compaction characteristics of shale and chalk which were then being
considered for possible wuse in the rolled embankment section. This
possibility was prompted by an expected decrease ILn overburden excavation due
to a revision in the spillway excavation plan. The test fills showed that
compaction of these materials into an impervious mass required a rather long
and expensive process. The process involved breaking the large chunks by
several passes of a specially built spike-toothed roller, then compacting
with a sheepsfoot roller. Although density and uncounfined compression tests
were performed on samples from the compacted fill, additional tests were
desired but not performed to determine the effects of saturation and long
term weathering of the materials. For these Treasons, the tests were
considered inconclusive and the use of shale and chalk was not considered
further for use in the rolled embankment section. As it later turned out,
ample quantity of overburden was available for the construction of the rolled
impervious section. The results of the test embankments were later supple-
mented by additional tests and were used in the design and construction of
Gavins Point Dam.
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7. WAVE PROTECTION. Riprap protection on the upstream slope of the embank-
meut was originally placed only in the vicinity of the outlet works intake

structure and spillway. Later placement of stones on the embankment upstream
chalk berm was made only after many years of observation and monitoring
strongly indicated that the wave erosion scarps would continue to increase in

height and eventually cut into and adversely affect the stability of the main

embankment .

7.1 Riprap at Intske Structure and Spillway. The entire upstream

slope of the embankment in the vicinity of the outlet works intake structure

is protected with riprap. The riprap extends from Sta. 103+00 to the right
spillway wall, at approximately Sta. 121+440. The riprapped slope from Sta.
103+00 to Sta. 106+00 extends beneath the northeast end of the upstream chalk
berm. This was done for protection of the rolled embankment as some erosion
of the chalk berm was expected to occur in this area. Riprap also protects
the left bank of the spillway approach channel. The riprap near the intake
structure was placed during Earthwork Stage III and those adjacent to both
spillway walls were placed later during Earthwork Stage V. The riprap
section near the intake structure and right spiliway wall consists of a
3-foot layer of riprap, a l-foot layer of spalls, and a 2-foot 1layer of
filter blanket as indicated on Plates A5 and A-16. The riprap at the left
spillway wall is similar, except that a l-foot filter blanket i{s used. The

riprapped slopes are in good condition.

7.1.1 Riprap. Riprap consists of glacial boulders that were
stockpiled from required 1left abutment excavations. The stones were

reasonably well-graded from a 3-foot maximum size to a 5-inch minimum size.
7.1.2 Spalls. The spall layer was constructed by a subcon-

tractor who obtained the material from a locally owned gravel pit. The

stones were reasonably well-graded between the 6- and 2-inch sizes.
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7.1.3 PFilter Blanket. The filter blanket underlying the spalls

was also constructed by the spalls subcontractor. The processed material was
obtained from a locally owned gravel pit and was required to meet the

followlng gradation.

Sieve Size Percent by Weight

U.S. Std. Sq. Mesh. Passing
3-1/2-inch 100
3-inch 95-100
2-inch 90-100
3/4-1nch 75-100
3/8-1inch 60-100
No. 4 40-80
No. 10 25-60
No. 16 20-50
No. 100 0-15

7.2 Stone Protection on Chalk Berm. The flat 1V on 15H upstream

chalk berm was assumed to provide adequate resistance against wave action.
However, the berm started to erode when the reservoir was initially raised to
Elev. 1,355 in 1957. Erosion continued into the 1V on 7H chalk slope above
the flatter berm and progressed toward the main embankment section at an
average rate of about 6 feet per year. By 1973, it had advanced to about
range 4,850, approximately 150 feet from the axis of the dam. Scarps up to
about 10 feet in height formed along practically the entire length of the

unprotected embankment slope.

In 1977, the 8,000-foot long erosion scarp was graded to a 1V on 3H
slope, but stone protection was placed only along a 400-foot reach adjacent
to the exlsting riprap in the vicinity of the intake structure. The stone
protection consisted of dumped field bouiders having a maximum size of 250
pounds and a median size of 50 to 100 pounds and placed at a rate of 2.5 tons
per lineal foot of scarp. The unprotected graded slope was severely eroded
by waves in 1978 which led to the placement of riprap over the entire length
of the erosfon scarp in 1981. Riprap composed of field boulders was dumped
at an average rate of 2.5 tons per l1lineal foot of scarp length and consisted
of stones having a maximum gize of 400 pounds and a median size of 70 to 150
pounds. These stones are about 50 percent larger than those used in 1977,
and were selected for use after excessive stone displacements were noted in

the existing riprap.
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8. DIVERSION AND CLOSURE. Prior to construction of the embankment closure

section, the Missouri River was fully diverted through the outlet works on
20 July 1952 as part of the Earthwork Stage III coastruction. Photo No. 15
shows an aerfal view of the diverted river. Diversion was effected by
dredging chalk directly into the river. Location and typical sections of the
diversion structure are shown on Plate A-22. As shown in Photo No. 8, the
chalk was dredged from the chalk spoll area located downstream of the dam and
riverward of the outlet works discharge channel. The diversion plan was
developed by the coatractor as an alternative to the plan shown on the
contract drawings which required the use of lumber mattresses, timber cribs,

and an open deck pile trestle.

The diversion dam consisted of a lower, wide-based chalk blanket, a
dredged chalk weir section, and an upper dumped chalk dike. Stage construc-
tion of the dam is indicated by the sections shown on Plate A-22. The chalk
blanket was placed to Elev. 1230 approximately 10 feet below the river level,
from 29 April 1952 through 22 May 1952. Construction of the dam was
temporarily suspended until 7 July 1952 while the outlet works approach and
discharge channel plugs were being removed. The diversion weir section was
then constructed from 8 July 1952 through 20 July 1952 to Elev. 1244, about 2
feet above the headwater level, to complete the river diversion. By 29 July
1952, the diversion structure was completed by end dumping chalk directly
onto the weir section to Elev. 1265. Photo No. 9 shows placement of dredged
chalk for the construction of the diversion weir and Photo No. 10 shows end

dumping operations in building the dike over the welr section.

Immediately following the diversion operations and prior to placement of
fi1l in the embankment closure section, a dike was first constructed along
the upstream end of the impervious blanket foundation. The dike was
constructed by end dumping sand that was previously stockpiled from the
outlet works approach channel excavation. This operation {s shown in Photo
No. 11. The foundation for the upstream impervious blanket and the main
embankment was then hydraulically filled with sand dredged from the

downstream riverbed. Hydraulic fill operattons are shown in Photo No. l4.
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Followlng placement of the sand fouandation to above water level, the
fmpervious blanket was constructed to Elev. 1,205 and the rolled embankment
was constructed to Elev. 1,325. The closure plan and section are shown on
Plate A-23. The rolled ewmbankment section over the right abutment and
closure area was subsequently raised to Elev. 1,355 under Earthwork Stage IV
and brought up to final crest, Elev. 1,395, under Earthwork Stage V, the

final embankment construction stage.

9. SEEPAGE CONTROL. The embankment 1is founded on a deep deposit of

alluvial sand in the valley and primarily on natural or recompacted clay over-
burden in the abutments. Seepage through and beneath the valley embankment
section is controlled primarily by the massive embankment and berm sections
and by pressure relief wells along the downstream toe of the compacted
embankment . Cutoff walls and trenches were considered for underseepage
control across the valley section, but were rejected primarily because of the
high cost of these methods. Seepage control on the right abutment included
removal and recompaction of surface loess deposits, construction of an
upstream cutoff trench, and construction of a downstream pervious drain
blanket. Control on the left abutment included treatment of a pervious

glacial stratum and blanketing of pervious exposures in the approach channel.

9.1 Valley. Seepage control in the valley is provided by the massive

embankment section and by pressure relief wells.

9.1.1 Embankment Section. The massive embankment section,

including the central compacted Impervious section, the upstream impervious
blanket, and the upstream and downstream chalk berms, provides the necessary
seepage resistance to keep hydrostatic uplift pressures to below the levels
assumed during design. The downstream chalk berm provides stablility of the

area downstream of the compacted eubankment section.
9.1.2 Relief Wells. Thirty-six relief wells were {installed

along the downstream toe of the impervious embankment section to control

uplift pressures that develop in the alluvial foundation, especially the
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highev pressures that develop at lower depths. The wells were designed to
discharge flows directly through the screens and into the chalk fill berm.
The berm was assumed to contain sufficlent volds to accommodate the dis-
charges. The location of the wells are shown on Plate A-1ll. The wells are
spaced at 60 to 115 feet, but are mostly at 100-foot i{intervals. They are
fully penetrating, except in the center of the valley where bedrock is at a
considerable depth. 1In this deeper section, the well screens were set at
about Elev. 1,150 resulting in a well penetration of approximately 60
percent. Relief wells RW-1 through RW-14 were extended by the Earthwork
Stage V contractor in conjunction with raising of the downstream chalk berm
in the embankment closure section. The riser and screen sections of the
relief wells consist of 8-inch inside diameter wire-wrapped wood stave pipes.
Each well 1includes a 36-inch d{ameter corrugated metal pipe well pit. A
tabulation of the relief wells and relief well piezometers and a soils
profile along the line of wells are shown on Plates A-12 and A-13. Relief
well and piezometer details are on Plate A~14. Relief well design computa-
tions are presented on Plates A-38 and A-39 and the gradation curves of the

gravel packs are on Plate A-40.

Twenty-one well point type plezometers were installed between and 1in
line with the relief wells to monitor the uplift pressures at the line of
wells. These plezometers are described in "Instrumentation,” below. The
water level in the wells and the piezometers have always remained below the
top of the screen which is at about Elev. 1,270. Distortion of the riser and
screen by settlement of the chalk fill prevented flow measurements from being
made 1in 24 of the 36 wells, including all of the wells in the closure area.
In wells where the flow meter could be used, only insignificant or no flows
were indicated. 1Inspection of the interd)r of the pipes with the aid of a
mirror revealed the bulging of the plpes and indicated the water surface to
be generally still and without ripples. Water levels 1in the wells and
plezometers fluctuate with changes in pool levels, but the average readings
have varied little over the years. Detailed description and evaluation of
the relief well system are presented in the referenced "Embankment Relief

Well Study” report.
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9.2 Right Abutment. Seepage  control wmeasures at the right bank
included excavation of the natural loess and backfilling with {impervious
material, construction of a cutoff trench along the right bank, and construc-
tion of a pervious drain blanket beneath the downstream section of the

enmbankment .

9.2.1 Loess Excavation. Loess excavation 1s described in

paragraph 5, Foundation Preparation. In addition to preventing excessive
settlement of the overlying embankment, removal of the loess and {ts replace-

ment with compacted impervious material resulted in a stable impervious

foundation.

9.2.2 Cutoff Trench. A cutoff trench was excavated through the
sand and gravel layer that overlies the Niobrara Chalk along the right bank.
The location and detalls of the trench are shown on Plates A-20 and A-21.
Dewateriung was required 1in the deeper excavations and the trench was
backfilled with compacted 1impervious material. The 1loess covered area
between the cutoff trench and the main embankment was excavated to a depth of
5 feet and was then backfilled with the recompacted excavated material to

form a continuous relatively impervious blanket.

9.2.3 Pervious Drain Blanket. The 5-foot thick pervious drain

blanket beneath the downstream embankment section on the left abutment is

described 1in paragraph 6.4.2. 1Its purpose is to increase the stability of
the embankment by providing drainage for both the overlying embankment and
underlying foundation. The blanket is provided with a toe drain collector
plpe along the downstream toe of the embankment. Details of the toe drain
are shown on Plates A-18 and A-19, The toe drain pipe outlets into the
massive chalk berm through a perforated end section. The toe drain has shown

very little or no seepage flows.

9.3 Left Abutment. Seepage control at the left bank consisted of

seepage cutoffs and drainage of the pervious glacial stratum and also
impervious blanketing of the pervious sand exposures along the outlet works

approach channel.
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9.3.1 Pervious Glacial Stratum. Treatment of the pervious stratum on

the left abutment is detatled on Plate A-15. The glacial drift and basal
sand overburden beneath the upstream section of the embankment was removed to
the top of the chalk formation and was replaced with rolled impervious
embankment material. A shallow cutoff trench was excavated into the top of
the chalk formation. Dralnage of the basal sand 1is through the pervious
blanket and 1s described in paragraph 6.4.1. A 12-inch diameter perforated
CMP at the dowastream toe of the embankment collects and conducts drain water
from the pervious blanket. The perforated toe drain pipe extends a distance
of about 1,460 feet, from manhole No. 8 at the right spiliway wall to manhole
No. 5. From manhole No. 5, the drain outlets through a sceries of solid CMP,
drop inlets, and manholes into the surface drainage system at Sta. 104+95 and
Range 5,304. A plan and details of the toe drain are presented on Plate
A-17.

9.3.2 Blanketing of Approach Channel. Sand and gravel expo-

sures along the outlet works approach channel were excavated, then covered

with a 15-foot thick compacted impervious blanket. The locations of these
expogsures are indicated on Plate A-3 and a typical blanket sectlon is
depicted by section H-1l shown on Plate A-5. Seepage analyses during design
revealed that exposure of the sand layer in the approach channel would create
the shortest underseepage path beneath the embankment. Water entering the
sand would seep around the riverside of the outlet works tunnels and into the
discharge channel. Relief wells and drains located riverward of the outlet
works and discharge channel provide additional underseepage control in this

area.

10. EMBANKMENT STABILITY. The stability of the embankment over the right
bank terrace clay, the valley alluvium, and the left bank glacial material

were analyzed during the project design stage.

10.1 Stability of Embankment Over Right Bank Terrace Clay. A "wedge”

method of stability analysis was performed for the embankment founded over
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the thick clay deposit on the right bank terrace. The analysis is graphi-
cally shown on Plate A-35. With impervious layers above and below the satu-
rated clay, drainage would be greatly impeded and the pore pressure Jue to
the f1{l1l load would be dissipated very slowly. For the stability analyvsis,
very little consolidation of the clay foundation was assumed to occur Juring
construction. The minimum factor of safety obtained was 2.2 which was
believed to be adequate for the method of analysis used. A reanalysis in
1952 during construction of the project indicated a reduced factor of safety
of 1.4, primarily due to the use of a higher ground water level and also to
minor changes in the embankment section. The ground water level was raised
from Elev. 1,245 to Elev. 1,275. The toe of the embankment was changed to a
1V on 3H slope instead of a feathered slope, and the pervious drain blanket
did not extend as far upstream as in the original embankment section

analyzed.

10.2 Stability of Embankment Over Valley Alluvium. The embankment

section overlying the valley alluvium was analyzed during the initial design
stage by the “wedge” method, as graphically presented on Plate A-36. The
section did not include the chalk berms as the exteat of the berms were not
known at that time. When the analysis was made, test results were not avail-
able on the strength of the shale foundation. The required shear strengths
computed for safety factors of 1.5 and 2.0, assuming zero cohesion, were
tan § = 0.189 and tan @ = 0.358, respectively. Consolidated direct shear
tests later indicated a tan § = 0.3 and cohesion = 0.1 tons per square foot
for the shale. On this basis, a factor of safety of about 1.8 was assumed
for the analysis. The safety factor 1is actually much higher due to the

presence of the chalk berms.

The same section was also analyzed using a modification of the Fort Peck
Elastic Theory method, the results of which are shown on Plate A-37. 1In this
method, the horizontal shearing forces along the shale-sand contact were
computed for a depth of 75 feet below the structure. Thegse were determined

assuming that no stress discontinuity occurs at the contact plane or that the
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shale might act as a rigid boundary. It is believed that actual conditions
are somewhere 1{ntermediate between these assuaptions. Using the rigid
boundary assumption, the minimum safety factor agalnst horizontal sliding
along the contact at any polnt was found to be 1.7. On the other haund, the

infinite depth assumption gave a minimum point safety factor of 2.5.

10.3 Stability of Embankment Over Left Bank Glacial Till. Details on

the stability analysis for the embankment over the left abutment glacial
material are not available. However, from the minutes of the 9 October 1947
Board of Consultants mweeting, no great concern was expressed on the embank-
ment stability over the 1left abutment. It was noted that the relatively
compact material was stable and that based on extremely conservative assump-
tions, stability studies 1indicated a safety factor of 1.5. It was also
stated that a safety factor of 1.3 was obtained for the sudden drawdown

condition.

11. SETTLEMENT. To compensate for expected settlement, the crest of the
embankment was overbuilt during Earthwork Stage V, the last earthsork
contract stage. Overbuild profiles and details are shown on Plate A-19. The
profile reflects the settlement estimated for the differeat foundation condi-
tions beneath the right bank terrace, closure, and left bank sections of the
embankment. The settlement of the right bank terrace clay was estimated
primarily on data from consolidation tests run on the clay samples. It was
estimated that about 20 percent of the total settlement would occur during
construction. For the closure and left bank sections, the settlement of the
alluvial foundation was based on data from settlement gages that were
installed during the earlier earthwork construction stages. The data
indicated that 60 to 75 percent of the settlement would occur during

construction.
Plots of settlement gage readings indicate that all foundation settle-

ment have essentially stabilized and that the post construction settlement

very closely followed those estimated. Consolidatfon of the right bank
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terrace clay, however, occurred at a faster rate than predicted. By the end
of coastruction, approximately 60 percent of the settlement of the clay
foundation had occurred. The alluvial foundation settled at a rate slightly
higher than predicted. Approximately 75 to 85 percent of the settlement

beneath the closure and left bank section occurred during construction.

12. INSTRUMENTATION. Instrumentation of the Fort Randall eambankment

consists of embankment plezometers, settlement gage plezometers, relief well
plezometers, settlement gages, crest and slope movement markers, tiltmeters

(slope indicators) and strong motion accelerographs.

12.1 Piezometers. A general tabulation of all the plezometers for the
project, except for the settlement gage piezometers, is shown on Plates A-9
and A-10. Sixty well-point type piezometers and 34 open pipe combination
plezometer - settlement gages are used to monitor the hydrostatic uplift
pressures beneath the embankment. The plezometers that are located beneath
the main rolled impervious embankment section are described below under
“"embankment” piezometers. The piezometers that are located between and in
line with the relief wells are discussed under "relief well” piezometers.
The few piezometers that are located in the downstream area of the chalk berm
are discussed under “downstream” piezometers. Details of a well-point

plezometer are shown on Plate A-14.

12.1.1 Embankment Pilezometers. There are 32 well-point type

piezometers and 34 open-pipe settlement gage plezometers that extend beneath
the rolled embankment section. Twenty-four of the well-point piezometers are
located in seven piezometer lines, A, B, C, D, E, F, and L across the embank-
ment, as shown on Plate A-11. The piezometers measure seepage pressures in
the downstream pervious drain in both abutments and underseepage pressures in
the valley alluvial sands. The abutment piezometers also give an indication
of the effectiveness of the upstream cutoff trenches in both abutments.

Typical piezometer plots are presented on Plates A-47 through A-52.
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Elght plezometers, FR 79-1 and FR 79-3 through FR 79-9, are
located heneath the downstream slope of the valley embankment section aand are
used to measure the uplift pressures in the alluv{al sand foundation. Thesc
plezoncters were placed in holes that were drilled to obtain inforuation for

a scismic evaluation of the embankment foundatfion.

The 34 settlement gage open-pipe piczometers are located at the
settlement gage locations shown on Plate A-53. All of the settlement gage
plates are set on top of the embankment foundation. The settlement gage pipe
1s used as an open-plpe piezometer by allowing entrance of water through
small perforations in the lower 2-foot length of the 2.5-inch diameter pipe.
Pervious sand was placed around the perforated pipe to at least 3 feet

laterally and to at least 1 foot above the top of the perforations.

12.1.2 Relief Well Piezometers. Twenty-one well-point type

plezoneters are located between and in line with the relief wells to monitor
the effectiveness of the relief well system along the downstream toe of the
rolled embankment. The piezometer locations are shown on Plate A-11 and
profiles of the piezometers and wells are presented on Plates A-12 and A-13.
Typical plots of relief well and plezometer readings are shown on Plates A-45

and A-46.

12.1.3 Downstream Piezometergs. Seven piezometers were installed

through the downstream portion of the chalk berm to monitor uplift pressures

in the alluvial sand near the toe of the chalk berm.

12.2 Settlement Gages. Thirty-nine settlement gages were installed
during construction of the embankment. Thirty-four are still operational.
The five gages at Range 3,735 were inundated by the reservoir and have been
abandoned. Location and elevation data on the active gages are tabulated on
Plate A-53. ©Each settlement gage consists of a 6-foot diameter, 1/2-inch
thick steel base plate and a vertical 2-1/2-inch diameter steel pipe which
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extends from the base plate about 3 feet above the embankmeat surface. The
plpe was extended {nside of a 4—inch diameter protective, steel pipe from
about 6 feet ahove the base plate and both pipes are capped above the ewbank-
ment surface. The base plate 1s founded on 12 fnches of a sand levelling
layer about 3 fcet below the top of the foundation. The lower 2-foot leugth
of the 2-1/2-inch diameter pipe 1s perforated and backfilled with sand to
allow the pipe to act as an open-pipe plezometer. Settlement gage readings
have been taken at regular intervals and typical plots are shown on Plate
A-54 for the gages at Sta. 22450, 30400, and 40+00 or the right abutment and
on Plate A-55 for gages at Sta. 82+00 and 90+00 in the valley section.

12.3 Crest and Slope Movement Markers. The locations of 28 crest and

slope movement markers are shown on Plate A-56. Initially, the markers
consisted of concrete monuments extending approximately 5 feet into the
embankment. Concrete monuments were also set in the abutments for survey
reference points. All of the markers were replaced with deeper markers in
1979. The new markers are of two types. One type consists of an ll-foot
long, 2-inch diameter pipe set in a 10-inch diameter, 10-foot deep augered
hole. 1t is centered in an 8-inch diameter casing which is set about 3 feet
above the bottom of the pipe. The uncased pipe and the lower 1.5 foot of
casing 1s embedded 1in concrete and the top of the casing 1s capped with a
removable cover. The second type of marker consists of a l-inch diameter,
10-foot long, steel rod driven to a depth of 9 feet below ground surface
through a 4-inch diameter, 3-foot deep cased auger hole. The top of the
casing extends about a foot above the ground and is provided with a removable
cap. Typical plots of movement marker readings are shown on Plates A-57 and
A-58.

12.4 Tiltmeters. Two tiltmeter (slope indicator) wells were installed
in 1978 and 1979 through the embankment and underlying clay foundation in the
right abutment. Tiltmeter Well T 40/503, located at Sta. 40+00 and Range
5,030, is 303.4 feet deep and extends approximately 93 feet into bedrock.
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Tiltmeter Well T 40/517, located at Sta. 40+00 and Range 5,170, 1is 221.5 feet
deep and is embedded approximately 61 feet into bedrock. Each tiltmeter well
consists of a 3-inch I.D. grooved tiltmeter casing set with an 18-inch
stickup in a sand or grout filled vertically drilled hole. These wells are
for the purpose of monitoring subsurface displacement by allowing measurement
of the change in well casing tilt with a tiltmeter. The tiltmeter casing and
tiltmeter (Digftilt TM) were purchased from the Slope Indicator Company.
Typical computer plots of tiltmeter readings for T 40/503 are shown on Plate
A-59.

12.5 Strong Motion Accelerographs. Fort Randall Dam is in Zone 1, a

low seismic activity region outlined 1in the seismic probability map, Figure
6, EM 1110-2-1902. Three Kinemetrics SMA-1 strong motion accelerographs were
installed at the project in 1976. One instrument is located off the crest of

the dam at about Sta. 60+00, at about the maximum section of the embankment.

_ Another is in the downstream area near the old Fort Randall chapel, and the

third is located 1in the west end of the spillway gallery. All of the

instruments were installed and are maintained by the U.S. Geological Survey.

13. OPERATIONS AND INSPECTIONS. The Fort Randall Dam - Lake Francis Case

project is operated and maintained by the U.S. Army Corps of Engineers, Omaha
District. The project office is located in the powerhouse complex and is
staffed by permanently assigned operations and maintenance personnel. Annual
inspections of the project are conducted by personnel of the district office
and periodic in-depth inspections are made jointly by members of the Omaha
District and the Missouri River Division, and occasionally the Office of the
Chief of Engineers. These inspections are made to assure the structural and
operational soundness of this multipurpose dam project. Periodic inspections
are made in accordance with the requirements of ER 1110-2-100 and to date,
such inspections have been successfully conducted in 1967, 1971, 1976, and
1981. Results of the inspections are included in the referenced periodic

inspection reports.
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14. EVALUATION. The Fort Randall Dam embankment is in good structural
condition. In over 28 years of operation, no serious stability problems have
occurred. Instrumentation readings {ndicate that settlement of the
embankment foundation has essentially stabilized, that no unusual embankment
deformations are occurring and that hydrostatic uplift pressures are lower
than those assumed during design of the project. Daily surveillance by
project personnel and annual and periodic inspections by members of the
District and Division offices assure that the performance of the dam is

adequately monitored and evaluated.
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PIZZOMITER TURE AND OMSERVATION WELL DATA

Plesameter
or Llevation
Vell stion [ Top of Sottom
Ruller (Statioa Range Pipe of Serewn|  Type Purpose of Plecomster Tube or Observation sell
A3.2 | LA.00 S200 13%0.06 | 1303.0h To record ressures ln the downatresa Perviows drais.
23 | 300 | 138.08 | 1300.58 il R b
9% | 56«00 950 1388. 1242.19 To record saepase pressures ln terrace substrata and to
3. 129149 determine the effectiveness 3 the upstream cutoff treach, 1
. 56+00 3200 13,49 .
3.26 3.98 2% 1329.68 g?'m To record seepage pressures ia the downstream pervious drain.
] 52:00 5800 1)03.02 7.9 Tecord seejans yressured [ Lerrace dubitrats and @
determine the effectivenesa of the upstresm cutoff trench.
€8.99 | 70000 4950 13%9.3) | 122%.09
c%.2 TO+0Q0 | 4200 1345, 2 122h.€9
¢5.4s | 70-00 5450 1305.04 1226, 6k
c3.75 | ™00 97% 1307.70 | L22.60
ph.95 | 81.50 4950 138L.78 | 122u .48
05.2 | 81+%0 5200 1363.56 | 1221.%
05.48 | 8190 5450 1307.82 | 1219.32 |Well Point To record underseepage pressures in the velley alluvisl sands.
05.7% | 81+%0 5T 1301.78 | 1213.0
06.2 | 8150 6200 1297.66 | 1214.96
£h.99 | 95+00 49%0 1387.22 | 1219.%52
3.2 9%+00 $200 1363.70 | 1225.70
£5.63 | 95400 5430 10b.7% | 1223.9%
£9.79 | 9500 y 5T1%0 128%.68 | 1226.88
P9 110942% 900 1368.10 | 118.10 To record seepage pressures in the parvious streta over-
rh.96 1109-2% 960 l]%.g llg;: layinz the c-alk formstion.
5.0k (109%29 | 50L0 1395%. 134, o reco re. . .
5.12 |109-2% sa17 ¢ 1338.90 1312.90 cord seepage pressures in the dovnstream gerviocus drain
#5.038 108490 0% 1366.L6 | 1229.86 To record the hydrostatic pressures that develdp ia the chalk
foruation between tunnels } & 4.
19.038{112+3% 503% 1396.3 | 12%0.16 [Casagrende To rwcord the hyirostatic pressures that develop (o the cnalk
formation betveen tunnels 8 & 9.
£9.033(114+%0 303% 1397.40 1229. 0 To record the hydrodtatic pressures that develop 1o the chalk |
formation detween tunnels il & 12.
13.21 (120-%0 5210 1331.19 | 1323.79 To check the efficiency of the pervious drain sdjecent to
the right spillvay vall at the dovmstreas toe Of the ambdank-
Well Point ment .
©6.829| 70.00 6829 1290.% | 1218.84 TS record Lhe hydrostatic preasure In the valley allwlus —
|- w6.801] 73+31 A8l 1269.45 | 1218.19 st t!e toe of the chalk berm.
53 6796 1290.1% | 1231.9% To record tae hydrostatic pressure st the dconstream toe of
the ehalk beym.
5 G Y O 143 B0 T 7T
rL-2 63430 5800 1301.26 | 1228.2%
-3 66430 800 1302.00 | 1225.02
[ 2 6930 $600 1301.24 | lL226.7%
ha | 69430 5805 | 1300.96 | 1186.96
-3 T+ 800 | 1301.k9 | 1221.19
-6 79415 5800 1303.18 | 1225.28 X
-7 T7+3% 850 1%02.02 | 1223.%2 [vell Point To record the uplift prassures in the valley alluvium
-8 | ™ 3850 1301.92 | 1219.32 along the lise of relief wells.
7.9 | 82+ 3873 1301.8k | 1228.64
P2-10 | 8heT0 87 1%01.58 | 1229.98
?2-11 | 37-60 87% 1300.70 | 1229.70
2-12 | 9060 %500 1279.9% | 1234.95
r2-13 | Shel0 W0 | 12T7.26 | 1215.26
Pe-1b | 98403 00 176,78 | 12%.78
Outlet Vorka Grid Systea
] 258+98 T3 1272.85 | 1125.9 | (Temporary
¢ 2630k 218 1270.70 ‘ nis.o Obs.
[ 2957479 ¢ 1350 132902 ; 1133.7 wells)
B Vall B vall Outlet Worke 1253.7 1135.7 Obs. Well
Pl Spillvay Pler L 13%3.9 112% (Perw. To record the artesian pretsures ia the Codell
P-11 {Spillvay Pier L1 13593.9 1129 fsliet ssndatone .
P-20 [Sptilvay Pler 20 1333.% 1129 dells)
sP-1  |Bloek 62 M. 12%8.38 | 11%0 (Plezoweter
Spilivay vall Vella)
SP-2 [Moek 62 Lt. 1298.88 | L1%
Spilivey vall
JOTE:

1. The elevation of top of pipe as given above ia the most recent elevation evailadle
at the time of reviaion of thistble.

2. Plesometer tubes in growp 1 ugh b are located by t Grta
Systam while growp 9§ observetion vnuc are xeum oy u-o Outlet ~avts
Grid Snu-‘
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(Additional Piezometers Since 1976)
Piezometer Tube and Observation Well Data

Piezometer
- or Elevation
Well Location op of |Bottom Purpose of Piezometer
roup Number{ Station] Range Pipe of Screem Type Tube or Observation well
FR79-1 68400 8425 1302.35] 1206.3%
FR?79-3 68400 5030 1396.80] 1183.60 | Well Point| To record uplift pressure
FR79-4 64+00 5425 1302.85| 1182.05 in the valley alluvium
2 FR?79-5 | 74400 5429 1304.50| 1137.15% upstream but parallel to the
FR79-6 | 80«00 5425 1307.00| 1173.00 line of embankment relief
FR?79-7 8368400 5425 1306.50{ 1132.50 wells.
FR79-8 52400 544% 1309.80| 1174.10
FR79-9 96 ~00 5449 1302.10} 1184.60
PZ-8A 80400 5850 1302.05| rf21.8s
PZ-88 79+30 S850 1302.25| 1181.85 | Well Point| To record hydrostatic pressures
3 PZ~-8C 79+80 5850 1302.15 1120.931 and water gradient in the
PZ~8D 79+8 5850 1302.30} 1181.7 valley alluvial sand. P2-84A
PZ-10A | 85«00 5875 1301.70f 1135.39. and PZ-8B serve as checks on
PZ-10B 85+00 5875 1302.05} 1180.6% PZ-8C and P2-8D.
PZ-15A | 80+00 | 7400 1290.25[ 1114.7 f” To record hydrostatic pressures
PZ-158 | 80400 | 7400 1290.201 1164.23{ ye1] Point] and water gradient in the
] P2-16A | 85.00 | 7400 1278.60 1131.04 downstream valley alluvial
PZ-168 85+00 7400 1278.75) 1176.6 sand.
5 PP-1 255+04 | 3+85.20] 1260.15] 1230.15 | Well Point| To determine the water seepage
PP=2 254+17 | 3+77.171 1260.5C| 1245.50 level in the gravel backfill
PF-3 254486 13457.20] 1262.40) 1247.40 beneath the tunnel terminal

NOTE: <These piezometers are installed into same drill hole.

Also see notes on previous page.
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PRESSURE RELIEF WELL LOCATINNS
TP
RELIEF BOTIOM RISER

weLL N, | STATION [ RANGE | ¢ rvarion | EuevaTION
1 6400 | 5000 | lmee | 1m@
2 62400 | S0 | umm | 1870
3 6% [ o0 | unm | s
1 sl | WO | Lz | 1ANe
5 6420 | 0 | L | tmn
6 6+ | 80 | Lm ' 1mn
7 o | 0 | s | 1mm
8 6680 | S0 | 1l | 129808
9 6930 | S80 | 113e | 12660
10 040 | S0 | 11438 | 1285
n N.m | M0 | It 1A
12 72400 | 0 | 1o 1me.08
13 Tem | 00 ISLe A
u M | 00 168 1M
15 7560 | W0 | @M 1298
16 Tem | M0 | us M | 1me
it Tow | 0 | NeM | imM
18 70 | 5850 | L | 19
19 7830 | 580 | L. 129994
2 1900 | %50 | les | 1993
a . | se0 | ue0 | 1%
2 8000 | 5850 } Hes | 196

PIEZOMETER TUBE LOCATIONS

T ‘ ToP
PIEZ BOTTOM TUBE

TuBE no, | STATION \ RANGE | EIFVATION | ELEVATION
1 oL+ ¢ Se00 ' 127.64 | 1%02.04
2 6330 . S80 12842 | INLI2
3 66+% | 580 | 12510 | 12L%0
a 6943 | 5800 | 1243 | 130410
@ 6%% . s | IO | 100
5 100 | S0 | 1z | 1014
6 15605 | S0 | 1225.10 | 1303.00
7 7435 ' 5850 12,35 1301.85
8 79435 | ses0 | 121916 | 13076
8- 80+00 | Ses0 | 2185 | 130205
88 19490 | ses0 | 11285 | 10225
8 79.80 | 5850 | 11090 | 10215
80 T9480 | 5850 | 118175 | 130230

DRILL HOLE LEGEND:
010

GW Gravel or Sandy Gravel, Well-Graded
000 i Gravel or Sandy Gravel, Poorly-Graded
CM Sitty Gravel or Sily Sandy Grave(
000 E Clayey Grave! or Clayey Sandy Gravel
W Sand or Gravelly Sand, Well-Graded
E Sand or Gravelly Sand, Pooriy-Graded
™M Silty Sand or Silty Graveily Sand
[SC]  Clayey Sand or Clayey Geavelly Sang
W Silts, Sandy Silts, Graveily Silts or Distomaceous Soils
T Lean Clays, Sandy Clays or Gravelly Clays
O_L' Organic Silts or Lean Organic Clays
W Micaceous Clays or Diatomaceous Soils
CH Fat Clays
& Fat Organic Clays
000 HOLE NUMBER
000 LT. OR RT. OFFSET FROM RANGE OF WELLS
NOTES:

1. Where laboratory classifications of samples have been made using the

"Uniform Soils Classification" it is designated on the logs by such letters
as ML, SW, GP, stc., otherwise fisld indwtification of materlals by
Insudm Is used and designated as Such by a desc-iption of the material
alues on the left side of the log are the D) effective size.

refers to Plezometer.

"PZ

2

3

4, PZ-BA, 8B, BC and 80 were instalied after 1976,

S. Railef weil and piezometer elevations shown are based on 1981 data.
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et Plasticity Index =~=cmececana.]l?

i il ; o Shrinkage Limit =ve~-- ———19.4 %
oz liii: 1 L - Shrinkage Ratio —=-c-ece-- - 1.775
S a0 om0 Lineal Srinkape -------ee- -11 %

: Volumetric Chenge from Ligquid Limit-42 %
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-
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SUMMARY OF RELIEF WZLL SFACING & DISCHARGE COWPUTATIOKS

Stations
61+50 &5+00 75450 51+30 B5+20
to to to to to

65+00 75+00 81400 85+00 95400
Orige G.S.Elev. 125% 1235 1238 1247 12L8
Ave« Bedrock Elev. 1170 1165 1080 110 1160
Ave. Well Bottom Elev. 1170 1165 1150 1150 1140

\ ‘
Total Head, H(l’ 122 140 137 126 127
Thickness of Substratum, D 18 65 153 U2 83
Denth of well, Zw Full.Pznees Full Pens, 83 G2 Full Penes
Well Spacing, & 120 100 70 80 100
Upstreem Lead Loss, h, 118.0 13643 131.6 123.2 123.4
Upstream Gradient; S!' 00369 oohaé .Ohll 00385 .0386
Downstream Gradient, Sl «0100 «C093% .0125 «0120 ,0090
Net Gredient, S .@@ 00533 '@76 .@65 «286
vell Discharge, Q,(cfs) 50" 43 55 N) L7
Head Loss out of Serzen, h 2.06 1.85 2430 2.32 1.97
Mea:. ,otential, P, 1.87 1.83 3.1, 2.46 1.57
Midpoint potentiel Pm 2.23% 2.20 1,95 1.92 1.88
Totzl uplif‘t. Pm » hx Ll029 ).&QU)- L&o25 )-&02)4 3.85
Notess
le See Plate A-39 for definition of symbols
2+ Midpoint potential equals P «+ h3 for full penetration well,
Z. Upstream Resistance d = 32
o Downstream Resistance = LOO!
5¢ Radius of Relief Well ~ 0.5
6. Design pool elsvation = 1375 msle
EMBANKMENT CRITERIA AND PERFORMANCE REPORT PLATE A38




CORPS OF ENGINEERS

UPSTREAM DOWNS

I . o SR . 728

Design Maximum Pool £/ /1375~
~—SEES—y—

Rolled
Embonkmen?

Shole & cholk
berm

/Or/yma/ ground surfoce

Lelotive Imperviovs blonket-
Perviovs Foundolror subsfrofum Lulrel well -
£

e

7Y

FNTREEC N

TYPICAL SECTION ILLUSTRATING NOMENCLATURE

TYPICAL COMPUTATION FOR FULLY PENETRATING WEEL TYPICAL COMPUTATION FOR PARTIAW
STA. 65+ 00 TO STA. 73400 STA. 75400 T TA. 8! + 00
DESIGN DATA DESIGN DATA
dreroge orignol Jroend Surfoce elevation = /235, Average ground surfoce eiera*ion - 238
dreroge beoroct elevorlior = //65. Arveroge bedrock elerarron = 08C
H o= 14O 1T Bottom of wel/ elevotion = xr
o = 6577 ‘o P A= s37 r7
Full penelroting we// rformul/a = 5o '/;,7 % Sp- / 5 = £S5 O = /53 ) - Tronsrformes O = 6/2 4
- Zy= 83 FF - Tronsformed Ze = 33277
Assume wel! spocing “at ond rolve for y FAy ond compule
toto) wypliFF by trial) ond error. Jorol qolift [P Fhx #1y) Meorn porentiol formula ‘or portally penetroaring mel/s
T Allomodle qolif7 Py -
R = + /0 Y 7% 7
Assume a = /00 ¢ [2 EMC IR S0 o Y P
/37 Triaf 2%° Trio/
M - poInt POrERFIO) Formu'a for POrralily penerrorirg mells
Ly fy FASSUMIES) = 3 2 3.7 [;Q' 2
#, = /36.8 /36.3 P = ) Tty
S- = . 0428 L0426 27ze % (V5 e,
S5, = . 0080 0093
5 - 0348 .0333 Assume well spocing o' ond volve for Fp * /f, aond comoure
Qw (17 C7s) = 45 .43 roral wpliff, wsing PPE Pronsrormed oeprhs ano Oerme -
Pix - /.95 /.89 0b1/ity, by rriol ond error. Tofal wpliPr foe P Hx Z allow-
By = FS = 555 = /.9/ /.83 ob/e ap//r’f
Lo v P - 3. 86 3.72
Py = .38 .37 /3 7riaf 242 Trig/ 32 Trep/
I - £.24 £.09
afAssumed) = 00 100 70
ThE compured ralve For Fa Ffx Corresponds fo /hE osscmed Py +hy (Assumed] = 6.0 6. ¢ 5.4
rolves 1 Ahe second rrial ond Fhe rolo/ compured poreniol, 4, = 13/.0 /30. 6 ’3/7. 6
Yy * Pa PPy 15 SL@hIly 35 20N rhe ollomable roluve, rhere fore S - 0409 0408 041/
the we /! spocing of W0 I s odeguote. S, = .0/30 .0/60 0135
S < 0259 0248 OR 76
@ - .79 .7 .S9
A, - 2.79 2.7/ 2.30
4 - 3,5.} .2 .70 é . /(4‘
* - 6.6 . £/ .
ARG - 2.80 /.95
By ? Py = 5.8/ €.25

The computed voluve for Bty corrésponds fo rhe assvmed
volve i ﬁ‘){ secong Irial fomerer 04 Solos Commoureo porent ol
B Ay, 15 greoter rhor rhe olowabie ralve, rheréfore
7he spocing OF /00 FF 15 iradeguole. The compuled role
For A r #y Corresponds fo rhe ossumed rolve i Ihe 1hird Frolf
ond rhe rolos compouled oorential /£ * Sy /S o,qoronmo/e/;
equal to Phe allowoble r2/ve, therefore rhe Soacing of 7071
/3 odeguare.




U. S. ARMY
s000
1
bOWNSTREAM NOMENCLATURE
X Thickness of relotively impervious downstream blonkes
o Xy = Thickness of pervious subsrralum.

= Deplh of prooosed relief smel/.
Tola/ heod’
Aeon porentio/ orer plore of wells.
= Surfoce porential of mid-00r ermeen portiaily oenelroliap
T1 we//s,
; = Meod [pss oue fo Flow ouF of wel! Screesr info cholé Ler.
b | = H-(B rh) = Tofe) heod/oss From source fo Jine oF
; \ wells.
|
|

JPRINOY
L]

>

I ad = Lffeclive resistorce upstreom of line of wells
Xy = Effectire resistonce cownstreom of /e oF wal/s.

A
i ! s * S0t Sy = Net pofential grodient prodvcing Jischorge
m_& from wels.
| — a = W/ spocing.
j Cholk berm 73 = ONaS5 = Pelentio/ midwoy between Fully penelroring
wells 11 excess oF Fhe oreroge pofential orer the plone
Lr = Morizonto! permeabi/ity of perriovs Suvbstrofum.
Gn = K DoS5 = Drischorge of we/l.
> = Rodiys of provosed wel/
GENERAL DESIGN ASSUMPTIONS & DATA
’ ga'u 3300 £ A gradients ore approximortely
2 Xy = 400 FF o5 /ndrcored by effective rodius of we/! by
\LLY PENETRATING WELL pumping. fest.
e i S — 3 & =002 ¢ fs = Morizonto! permeobility oF prerious Substrotem.
L 81+ 00 <4 L0110 of horizonlo! permeabiiity Fo vertico! permeobility of
fovndotion marterial /s 1 1the order of /6 7o/
3 /7 Ihe COSE OF pOrVial penerroring mells Fhe Japrss of rhe mell ond

238 de,o//; or /4/‘75 Svbstrotum 8 rfronsformed 1 occordonce mi’'hH
; = -
rhe S obore o ;/7;/(" = & 7 = 4

= 080
= 1 50. é Weirght ofF sofuroted blonket marterial/ = 115 /b/cv ft therefore rhe
aliomoble uplift equals O.84 2 for foclor of sofely of / O
< 7 ASSUMe uniform orerage JomnSrreom blonkel rhHickness oFf 5 feer
ids 0cross entire volley Therefore olowable wolifr = O.84 x5 =
L2 f7 of all [10carioms.
8. Head 1055 for Flow our or mer screen = », =[5 8908

§ pEnetiroting wel/s.
’] 5 g Des/9n moximum poos warer Surfoce eleratiosrr = 375

‘Q ASSume rodius of welf ~ 7y = 0.5 77 Aclual »5/0€ Franerer of

wel/! screen 15 only 8 rriches Homerer F 15 ossumed rHhe

~l1a Ny penError g mells effective rodius 1s mncreased ove ro rre grove! pock

Vi A1) wells with exceprion or [Nose 11 Jeepest chonnel are fully

perelroting. Those /» the deep chonne! vene’role /o o
minimum zlevation of //30.

-

for Ay * A, ond Compele
" oeorhs ono oErme-
wo/ift By # Pr S ollow-

vo Trrg/ 22 Trra/

100 70
6.¢
/30. 6 137.6
9%
oz 0276
27 2:35
.2 7 f;.'ff, MISSOURI RIVER
28 93 FORT RANDALL DAM-LAKE FRANCIS CASE

%‘Zﬁ/ﬂﬂa’;ﬁ?ﬁeg”méﬁfm/ EMBANKMENT REL'EF WELL STUDY
wp e el TYPICALWELL SPACING

fﬂefde ‘/;be corr//‘,';,ufefo/f) volve

”, ralue 17 PHE PAird Prrol

LA

Bl e BT COMPUTATIONS
OFFICE OF THE DISTRICT ENGINEER
OMAHA NEBRASKA MAY 1953
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PHOTO NO. 1: Aerial view of Fort Randall Dam.

<
Vi

June 1974
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PHOTO NO. 2: Scarifying surface prior to placement
of fill. Earthwork Stage I1. 20 May '49

Nt

PHOTO NO. 3: Blading operation in embankment
construction. Initial earthwork.
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PHOTO NO. 4: ‘Vatering operation in embankment
construction. Earthwork Stage I1. 20 May '49

PHOTO NO. 5: Excavation of right bank cut-off trench,
upstream end, looking towards river. 6 Nov '50
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PHOTO NO. 6: Sheepsfoot tamping roller compacting
impervious fill. Earthwork Stage I11. 10 Oct '50

PHOTO NO. 7: Construction of intake structure and
embankment in foreground and excavation for spill-
way weir in background, looking toward the left
abutment. 11 May 51
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PHOTO NO. 8: Dredging in chalk spoil area downstream
of embankment for hydraulic filling to effect river
closure. Earthwork Stage I1l. 17 Jul '52

PHOTO NO. 9: Final stage of river closure with dredged
chalk fill. Water level at about El. 1242, 20 Jul '52
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PHOTO NO. 10: Dumped chalk fill over the dredged
chalk weir crest. Earthwork Stage I11. 23 Jul '52

PHOTO NO. 11: Placement of pervious dike at location
of upstream toe of impervious blanket. Earth-
work Stage 111. 1 Aug '52
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PHOTO NO. 12: Embankment material being placed
on top of dredged hydraulic fill at location of up-
stream embankment toe. Earthwork Stage 1L 1Aug'52

PHOTO NO. 13: Same area as shown in Photo No. 12,

Pictured are double cat-dozer and towed double
drum sheepsfoot roller. 1 Aug '52
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PHOTO NO. 14: Hydraulic filling of embankment
foundation in closure section. Earthwork
Stage 111, 15 Sep '52.

t PHOTO NO. 15: Aerial view of project looking down-
stream. 15 Sep '52
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PHOTO NO. 16: Embankment construction in closure
area looking towards the left abutmesit. Fill at
approx. El. 1246. Earthwork Stage Ifl. 14 Aug '52.

PHOTO NO. 17: Upstream portion of embankment,

looking towards the right abutment. Fill is at
approx. El. 1288. Earthwork Stage |11. 29 Sep '52
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PHCTO NO. 18: Embankment construction in closure
area to approx. tl. 1325. Embankment in foreground
is at crest level, El. 1395. Earthwork Stage 111.

(17 Oct '52)

Iy ' 'i‘ SRS Y
PHOTO NO. 19: View of embankment construction
looking towards right abutment, showing placement

of upstream chalk berm. Earthwork Stage IV. 4 Aug '53
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PHOTO NO. 20: Construction of upstream chalk berm
looking SW towards right abutment. 4 Aug '53

'PHOTO NO. 21: Aerial view of construction during
Earthwork Stage V. 16 Nov '53
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PHOTO NO. 22: View of embankment construction
looking along dam axis towards the right abutment.
Earthwork Stage V. 25 May '54

PHOTO NO. 23: Fill placement between west spillway

abutment and previously completed embankment.
Top of fill is approx. El. 1360. 25 Jun '54,
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PHOTO NO. 24: Aerial view of completed embankment,
looking from right abutment. 30 Jun '55
¢ PHOTO NO. 25: Aerial view of project, looking SW.
29 Mar '55
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